This paper uses several econometric models to evaluate the determinants of the outcomes of the World Cup Qualifying matches played in South America. It documents the relative importance of home-field advantage and other factors.
For example, home-field advantage (HA) is well documented in several sports (Carron et al, 2005) . 3 Among other things, this advantage may be due to: -Physical factors (facility familiarity, travel factors, climate, altitude, etc.) that may affect the performance of the home and away teams, 4 -Refereeing favoritism for home teams (Buraimo et al, 2007) , -Psychological factors (such as crowd effects) that may influence the attitude of players (Waters and Lovell, 2002) . This paper uses several econometric techniques to evaluate the determinants of the outcomes of the World Cup Qualifying matches played in South America and assesses the relative importance of home-field advantage and other factors.
The paper is organized as follows: Section 2 documents the magnitude of home-field advantage and shows that it is not uniform across countries. Section 3 uses different econometric models to assess the determinants of the outcomes of matches. Section 4 presents some applications and extensions of the models.
Finally, Section 5 concludes.
2
Documenting home-field advantage Qualifying to the World Cup in the South American zone takes a long time (between one and a half and two years). Since the Qualifying games for the World Cup in France (1998) , the format involves a league system with teams playing each other home and away. The top four (out of ten) go through by right, with the side finishing fifth going into a play-off with a team from another zone. 5 3 In the case of football, 6 out of 18 and 20 out of 39 times the home teams won the World Cup Finals and the America Cup respectively. 4 Home teams may strategically choose to play in locations that are unfavorable for visiting teams.
For example, Russia plays games with snow, Brazil chooses a humid and tropical stadium to play against Bolivia, while Ecuador plays in different locations (elevated Quito or tropical and humid Guayaquil) depending on the opponent. 6 The results presented in this section and the next include only the qualifying games for the World Cups in France (1998) , Korea and Japan (2002), and Germany (2006) . Previous matches were not included as one of the most important variables used in the next section (FIFA ranking) was not computed until the end of 1993. The results of this section do not change if previous qualifying matches are included. These results are available upon request. 7 The outcome of each match can be found in http://www.fifa.com and http://www.conmebol.com. 8 Subscript t is omitted for convenience.
As every team played an equal number of matches home and away, the unconditional probability that team k wins a game is: The simplest way to obtain estimators of these probabilities is to assume that they do not depend on the characteristics of the opponent team and only depend on k.
In that case, the estimators would be the ratios between the favorable cases and the total number of cases.
Figure 1
Probabilities of winning and loosing games according to location Figure 1 presents the estimates of , , , and uu h a kk k k pq p q for all k. It evidences that there are strong discrepancies in the performances of the teams. Four out of the ten teams have more overall looses than wins (Bolivia, Chile, Peru and Venezuela).
Argentina, Brazil, and Paraguay have the best overall records and Venezuela the worst (first panel). As the unconditional probability is the average of the performances home and away, all the teams perform better at home than at away games (second panel), with Argentina, Brazil, Paraguay, and Ecuador being particularly strong home teams. In fact, the only team with a loosing record at home is Venezuela. 9 Under the strong assumption that the outcome of a game for team k does not depend on the characteristics of the opponent, but may depend on the place where the match is played, the asymptotic distribution of the estimators of the probabilities for team k would be:
where T m corresponds to the number of games played and () N ⋅ denotes the normal distribution.
Team k has a winning record (under characteristic m) if the null hypothesis:
is rejected. 10 The records of games played at a neutral country (n) were constructed by obtaining the outcomes of games between teams in the America Cup before the qualifying matches. This cup is played every two years in different South American countries. The record of a previous cup is used when a cup is played in country k. 11 The referees consider that, given the small sample sizes, using the asymptotic distribution (1) may not be appropriate. The p-values reported in Table 1 shows the relation between the performance in away and home games. Venezuela performed worse in home games than what would be predicted by its away record.
Thus, home-field advantage is important for all teams. If "unfair advantage" is defined as any systematic factors (other than the relative skills and abilities of two teams) that help to determine the outcome of a match, home-field advantage is 12 Performance is defined as the average points on games; where a win counts for 1 point, a draw for 0.5, and a loss for 0 points. definitely one. As the outcome of a match depends not only on where it is played, but also on the characteristics of the opponent, the next section considers several factors that may help to determine it. 14 As before, index t denotes the date of the match. 15 These variables are obtained from the Penn World Table Version 6.2 (Heston et al, 2006) . invest in playing football as a means to escape poverty and thus increase the pool of talent from which to form a team.
-, : 19 The information can be found in http://www.wikipedia.org. 20 One referee considers that differences in these factors (temperature, altitude, and humidity) are difficult to interpret (particularly when considering the away teams). As most of the players of the national teams play outside of their country, these variables may not account for anything.
However, the format of the qualifying matches is that, although the matches are spread over a two
year period, teams tend to play two matches in close proximity. Thus, regardless of where the players reside, they tend to practice in their countries prior to most matches.
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Let ,, and ha ij t ij t gg denote the number of goals made by the home (i) and away (j) teams. Using the bivariate joint Poisson distribution, the probability of observing the score fr − in the game played at period t takes the form:
,.
To be well defined, these terms must all be positive. 22 
where , βδ are vectors to be estimated and x is a vector of characteristics. Table 3 presents the quasi-maximum likelihood estimators of the parameters of (4). To estimate them, all the variables defined at the beginning of this section and dummy variables for each country are included in the vector x. As several of the variables intend to measure similar characteristics, the models are reduced by first excluding blocks of variables with very large p-values (say 0.9 or more), then estimating the model again, excluding blocks of variables with large p-values (say 0.8 or more), estimating the model again, and repeating the process until the model has only variables with p-values smaller than the significance level chosen (in this case 0.05). To assess the robustness of this procedure, the final equations are evaluated using the variables previously excluded. Both models depend on a reduced number of variables. The only variables that account for the quality of both teams that are statistically significant to determine the number of goals scored by the home team are the FIFA rankings of the home and away teams. Recalling that a better ranking implies a lower value of F, the better the home (away) teams, the more (less) goals scored by the home team are expected.
Other things equal, up to 0.38 more goals are expected from the home team if it is ranked 1 and the away team is ranked 40 (average ranking in the sample) than if both teams were ranked 40. On the other hand, if the home team is ranked 40 and the away team is ranked 1, 0.24 less goals by the home team are expected than if both teams were ranked 40. Neither the socioeconomic factors nor the variables that capture crowd effects appear to be determinants of the number of goals scored by the home team. Two other factors are statistically significant, humidity and temperature, but altitude is not (either in difference, absolute value or a dummy for high altitude).
The variable that captures temperature indicates that when two teams play home games in very different weathers, the home team has an advantage in scoring goals.
The advantage is symmetric, in the sense that what is important is the absolute value of the difference and not its sign. That is, it is equally favorable for a home team that is used to play with high temperatures to face an away team used to play with low temperatures, as it is for a home team that is used to play with low temperatures to face an away team that is used to play with high temperatures. On average, a difference of 1ºC implies 0.04 more goals expected for the home team. The other variable that appears to be significant is a dummy variable that is activated when the difference in relative humidity exceeds 0.l8 (one standard deviation of d). If the game is played on a place with significantly more humidity than where the away team plays its home games, 0.45 more goals for the home team are expected. Finally, Colombia performs worse than expected in home games, with approximately 0.4 less goals than what its ranking and other factors would predict.
The model for the expected goals conceded by the home team (scored by the away team) also depends on a reduced set of factors. Here, the better ranked the home team the fewer goals are expected from the away team. For example, playing against a home team that is ranked 40 implies expecting approximately 0.25 more goals by the away team than if the home team were ranked number 1. Another variable that helps to forecast the number of goals scored by the away team is the last outcome of a game on a neutral field between both teams. If the team that acts as the home team lost (won), 0.3 more (less) goals of the away team are expected. Again, socioeconomic variables and crowd effect variables are not statistically significant.
Among temperature, altitude, and humidity, only humidity helps to forecast the goals scored by the away team. Nevertheless, its effect is rather small. Playing on a field with one more standard deviation of humidity implies expecting approximately 0.15 more goals of the away team. Finally, Argentina scores more goals as an away team than would be expected after controlling for other factors.
Empirical applications of these models for Italian Serie A tend to underestimate the probabilities of low-scoring draws (Karlis and Ntzoufras, 2003) . This is not the case here as 24.6% of the matches were draws but only 9.5% ended 0-0. Thus, using inflated Bivariate Poisson distributions as in Karlis and Ntzoufras (2005) is not necessary. Table 4 presents a comparison between the observed frequencies and the probabilities predicted by the model. 25 As observed in the data, the model also predicts that the most frequent outcome is a 1-0 win by the home team, but 25 The probabilities predicted by the model are computed as the in-sample estimated probabilities using the coefficients of Table 3. underestimates its occurrence by 1%. The model predicts that the second most common result should be 2-0 in favor of the home team followed by a 1-1 draw. In the data, 1-1 is the second most frequent outcome. Note that none of the most frequent outcomes has a win for the away team. The most frequent score for an away win is 0-1 that was observed in 5.6% of the matches. The model predicts that this outcome should happen in 7.4% of the games. Table 4 Observed frequencies and predicted probabilities of outcomes (%) Ecuador should concede more goals than they do in home games.
The results of Table 4 and Figure 4 do not evaluate if the differences between the predictions of the model and the data are statistically significant. Table 5 presents the probabilities of winning and loosing observed on the data and forecasted by the model, along with the p-value for testing the equality among them using the asymptotic distribution of (1). For example, Argentina wins more and looses fewer matches than the model predicts. On the opposite side, Bolivia wins fewer and looses more matches than predicted by the model. At any rate, the differences between the probabilities are not statistically significant for any country. The last row shows the probabilities of a win or loss by the home team. The model forecasts them accurately.
Figure 4
Predicted average goals scored and conceded per match Table 5 Tests of equal probabilities A different way to assess how well the model fits the data is to consider the number of hits made by the model. For example, Rue and Salvensen (2000) suggest using the geometric means of the probabilities of the observed outcomes predicted by two models to compare them. The geometric mean of the double-Poisson regression model is of 0.422 which compares favorably with similar models applied to European leagues (Goddard, 2005) .
Probability of winning Probability of loosing P-value
On the other hand, the model can be used to forecast an outcome and define the home and away teams in a given match. Karlis and Ntzoufras (2003) show that under (3), v ij follows a Poisson-difference distribution. In this case, the variable is still discrete, but may adopt negative values.
Describing the empirical characteristics of this variable is of interest when one is interested on the spread and not the score, in which case it is not necessary to observe the number of goals of each team and concentrate on the difference. Focusing on V instead of v allows the econometrician not to observe goals scored by each team or the spreads. Furthermore, as winning is better than drawing or losing, ordered response models can be used. The overwhelming choice for modeling this type of data is the ordered probit model (e.g. Forrest et al, 2005) . 2i f
where 12 and µµ are parameters to be estimated, and * , ij t v is assumed to depend on a vector of characteristics such that:
where, again, x is the vector of factors described above and ρ is a vector of parameters to be estimated. That is, the model forecasts the observed outcome in almost 65% of the matches, being marginally superior to the double-Poisson model. 29 Table 7 Tests of equal probabilities 

Applications
This section applies the models described above to tackle two issues: a) Is there empirical support for the "little brother hypothesis" which states that In all cases, the opponents of the teams that were competing for the fifth spot had already qualified for the World Cup. In both cases, Colombia won the away games in Paraguay. In both cases, this did not matter, as Uruguay obtained precisely the results required to secure the fifth spot (a 1-1 draw in the 2002 qualifying match and a 1-0 win in the 2006 qualifying match).
Given the performances of the teams prior to the last match, how likely were the results finally observed to have occurred? Is there evidence that Argentina "helped" Uruguay (the "little brother")? Even with a small number of occurrences, the models predict that, given the previous performances of the teams, the observed outcomes of the last and crucial matches of the qualifying games were not very likely to have occurred.
Did Argentina choose to help Uruguay? Not necessarily. As for their last matches Argentina and Paraguay had already qualified, they could have chosen not to play with the same motivation than they would have if their qualification were not secured. They could have also chosen not to use their best players to prevent them from suffering eventual injuries. 30
Be it as it may, the schedule of the matches appears to be a crucial determinant of the final outcome. Uruguay is favored by the fact that its last game is against a team that by that time has most likely qualified. Thus, all the other teams that had a home game against Argentina (which performs better than expected in away games except than when playing in Uruguay) face an "unfair" disadvantage.
Although it may not be good for the box-office, it would probably be better that the last game of Argentina were against Brazil. By that point, both teams would have most likely secured a spot for the World Cup. It would probably be a boring match, but it would dissolve claims of "unfair advantages" and helping hands to the "little brother". Or maybe not; maybe that game could determine which team takes the first spot; or, given the rivalry between both teams, it would bring a full house and an entertaining match regardless of their final standings. Finally, it would have being thrilling to have Colombia and Uruguay face each other in the last match of the past two qualifiers.
The perils of playing in La Paz
The models of the previous sections show that Bolivia wins fewer and looses more matches than expected. This is due, at least in part to the poor record of Bolivia in away games. Furthermore, in both models, altitude is not a statistically significant determinant of the outcome of a match.
When concentrating on the record of Bolivia at home games, the geometric means of probabilities of the observed outcomes for the double-Poisson and ordered Probit models are 0.368 and 0.367 respectively. These numbers are only slightly better than giving a 1/3 probability for each possible outcome. 30 One referee rightly suggests that if that were the case, the models of section 3 should include a dummy variable considering this feature. However, as the schedule has remained (and will remain) unchanged, the results would be observationally equivalent to the ones reported here. As its home record has changed dramatically, it is difficult to blame these swings to altitude which is a fixed feature. More likely, they have to do with the quality of the teams.
Ecuador is another interesting example. Despite playing most of its home games in Quito, Ecuador was, until the past two qualifying matches, among the worst teams of South America.
One more example with respect to how to differentiate the effects of altitude against the quality of the teams comes from the Libertadores Cup. The best clubs of South America participate in it every year. Despite having several teams that play in La Paz, Oruro, and Potosí (which are cities with altitudes of even more than 3,600 meters above sea level), one only of them has been able to pass the first round qualifying matches (Bolivar).
Given the heterogeneous performances of the national team and clubs in different years, it is difficult to consider that altitude is an overwhelmingly important factor in determining the outcome of matches. Home field advantage and the relative quality of the teams involved appear to be more important. 32 Nevertheless, Table 9 shows the results of the double-Poisson when altitude is "forced" to be included. That is, the three variants of altitude are included in the model reported in Table 3 , and the one that displays the "correct" sign (altitude as bad for the away team) is kept. 33
Although the model of Table 3 provides a better statistical description of the data than the model of Table 9 (as can be attested by LRT tests or any information criterion), the estimates of Table 9 provide an upper bound that is extremely favorable to the hypothesis that altitude is an important advantage for the home team. 32 One referee also considers that FIFA ranking may already summarize the altitude effect in the case of Bolivia. That is, if altitude were an advantage, it would be reflected in the ranking used, thus making it difficult to identify the true effect of altitude. Against this argument comes the fact that Bolivia has the most volatile ranking in the sample. If altitude (a fixed effect) were summarized in ranking, it should be more stable. 
Figure 5
Predicted difference in probabilities and expected points The first panel of Figure 5 shows that, even after controlling for altitude, The bottom line is that while altitude may be a factor in determining the outcome of a match, it was not crucial for the overall performance of Bolivia or its chances to obtain a spot for the World Cup finals.
If that is the case, why does Bolivia defend so vehemently its right to play its matches in La Paz? Why do other teams (especially Argentina and Brazil) object? Can something be done?
The simplest reason for playing in La Paz is that the Stadium questioned by FIFA is the largest in Bolivia and is located in its most populated city. Playing elsewhere would be detrimental for the team's finances. This direct cost is easy to quantify, as the second largest stadium (located in Santa Cruz) has a capacity of approximately 10,000 less spectators. If the willingness to pay to attend a match is the same in both places, say US$10 per game, the direct cost of playing in Santa Cruz can reach up to close to 1 million dollars per series ( ) 10, 000 9 10 . ×× If Bolivia chose to continue playing in a location that has an altitude of 3,000 meters, it would have to build a Stadium, as none of the existing meets the FIFA standards. In this case, the project should include the cost of building the stadium and the potential benefit of selling the land where the Stadium "Hernando 34 The referees asked to consider related approaches to identify potential effects of altitude and home-field advantage. and Lee, 1997) . The first uses a variant of the ordered Probit model and includes team-specific dummies (Koning, 2000) . These variables are independent of the opponent and the venue where the matches are played and intend to measure the strength of the teams. Estimation of this model (even allowing for time-specific variables for each team and variables that capture the effect of altitude) document home-field advantage but do a worse job in characterizing the data than the model reported in Table 6 . The second approach uses a variant of the double-Poisson model allowing for different home effects (Lee, 1999) . This model can be seen as a special case of the model with team-specific dummies. This model does not characterize the data as well as the double-Poisson model of Table 3 .
Siles" is. From a cost-benefit perspective, this would probably not be one of the most profitable projects for Bolivia.
Concluding remarks
This paper uses different econometric techniques to characterize the factors behind the outcomes of qualifying matches of the South American zone. The evidence shows that home-field advantage is extremely important.
The qualities of the teams involved are also relevant. Factors such as socioeconomic conditions and crowd effects appear not to be important.
Contrary to popular belief, the altitude of the stadium does not appear as a relevant determinant of the outcome of a match. However, other factors such as temperature and humidity do.
The models estimated in this paper are shown to have relevant applications.
For example, the model predicts that the observed outcomes of the last matches of the qualifiers were not very likely to have been observed and that Uruguay has an advantage in the fixture as its last match is against Argentina, which by that time would have most likely already qualified.
Even if altitude were included as a determinant of the outcome of a match, its quantitative importance is limited.
Thus, if unfair advantage is defined as any factor (other than the relative qualities of the teams) that helps to determine the outcome of a match, all teams have it when playing home games. Furthermore, some teams are favored by their fixtures.
Thus, if altitude were a fundamental factor in determining the chance of a team to qualify, resigning to use this advantage should be compensated and a rival team should be allowed to offer such compensation. Determining the amount of the compensation would entail to compute the different probabilities of winning, the importance of a match, and the overall valuation of qualifying to the World Cup finals. This valuation should include the private benefits for the players of a team 30 (that increase their value when they qualify) and the benefits for the fans when their national team qualifies. 35 As long as these compensations are not allowed, if FIFA wants to eliminate any potential unfair advantage, the prescription is simple. All matches should be played on a neutral (and covered) field. Temperature, humidity, and altitude should be artificially controlled and fixed. No spectators should be allowed, and computers should provide the refereeing. Until these conditions are met, let each team choose where to play its home games. 35 Variables that should be included when measuring these benefits are the difference between payments of television rights when a team qualifies to the World Cup and when it does not, and the expenditures of fans that travel to watch the World Cup finals when their team qualifies and when it does not.
